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ABSTRACT. The action of carvedilol, a vasodilating, b-adrenoceptor blocking agent, against lipid peroxida-
tion has been the subject of many studies, but the results reported thus far are contradictory. In an attempt to
define the antioxidant mechanism of carvedilol against lipid peroxidation, the dynamics of the action of
carvedilol were studied in several oxidation systems. We investigated the reactivity of carvedilol toward radicals
and its inhibitory effect on lipid peroxidation induced by several kinds of initiating species such as azo
compounds and metal ions in solution, micelles, membranes, and low-density lipoprotein. Carvedilol exerted
poor reactivity toward phenoxyl, alkoxyl, and peroxyl radicals in acetonitrile solution nor did it show an
appreciable antioxidant effect against either the peroxyl radical-induced oxidation of methyl linoleate in
acetonitrile or against phosphatidylcholine liposomal membranes in aqueous suspension. Carvedilol completely
inhibited the ferric ion-induced oxidation of methyl linoleate micelles by sequestering ferric ions, but not by
reducing hydroperoxide. It was shown that carvedilol enhanced the oxidation of micelles induced by either
methemoglobin or peroxyl radical. Carvedilol, which was added exogenously, did not suppress the oxidation of
isolated low-density lipoprotein induced by peroxyl radical or cupric ion. These results show that carvedilol does
not act as a radical-scavenging antioxidant, but that it does act most efficiently as an antioxidant against ferric
ion-induced oxidation by sequestering ferric ion. BIOCHEM PHARMACOL 59;9:1069–1076, 2000. © 2000 Elsevier
Science Inc.
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Carvedilol, 1-[carbazole-(4)-oxy]-3-[(2-methoxy-phenoxy-
ethyl)-amino]-2-propanol, is a vasodilator/b-adrenoceptor
antagonist used for the treatment of hypertension [1, 2].
Carvedilol has been shown to have multiple functions such
as neuroprotection [3–5] and myocardial [6, 7], and endo-
thelial protection [8, 9]. Preventive effects of carvedilol
against smooth muscle cell proliferation have been shown
[10, 11]. It has also been reported that treatment with
carvedilol both in vitro and in vivo increased the resistance
of isolated LDL† against oxidation induced by macrophage
or copper [12, 13]. In many of these studies, antioxidant
properties of carvedilol are thought to account for the
protective effects. The mechanisms of lipid peroxidation
have been well documented [14, 15], and the action of
antioxidants against this peroxidation has also been studied

extensively [15]. The antioxidant properties of carvedilol
have received much attention [4–9, 12, 13, 16–24]. How-
ever, the dynamics of the antioxidant action of carvedilol
are not consistently understood yet. For example, it has
been reported that carvedilol inhibits lipid peroxidation by
scavenging free radicals [18], while another report con-
cludes that carvedilol is not a radical scavenger but rather
sequesters ferric ion [25]. In the present study, the dynamics
of the action of carvedilol as an antioxidant against lipid
peroxidation were studied in several oxidation systems to
elucidate the molecular mechanisms of its antioxidant
action.

MATERIALS AND METHODS
Materials

Carvedilol and probucol were supplied from Daiichi Phar-
maceutical Co.. Troglitazone and 2R,49R,89R-a-tocopherol
were supplied by Sankyo Co. and Eisai Co., respectively.
Methyl linoleate obtained from Sigma was purified before
use as described previously [26]. The hydrophilic azo com-
pound AAPH and the lipophilic azo compounds AMVN
[27] and MeO-AMVN [28], with the latter used as a peroxyl
radical generator, were purchased from Wako Pure Chem-
ical Industries and used as received. BHN, used as an
alkoxyl radical generator, was prepared as previously re-
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ported [29]. LDL was separated from human plasma of
healthy donors and by ultracentrifugation within a density
cut-off of 1.019 to 1.063 g/mL, followed by dialysis as
described previously [30]. Galvinoxyl, DPPD, and other
chemicals were of the highest grade available commercially.

Interaction of Antioxidant with Galvinoxyl

The interactions of carvedilol, probucol, troglitazone, or
a-tocopherol with galvinoxyl were measured in acetonitrile
with a spectrophotometer equipped with a rapid-mixing
stopped-flow apparatus (RX-1000, Applied Photophysics)
by following the decrease in maximum absorption of galvi-
noxyl at 429 nm [31].

Estimation of Reactivity of Antioxidant toward Alkoxyl
and Peroxyl Radicals

The reactivities of carvedilol toward alkoxyl and peroxyl
radicals were estimated from the competition with DPPD as
follows. One molecule of DPPD reacts rapidly with two
molecules of alkoxyl or peroxyl radical to give DPBQ,
which has a strong absorption at 440 nm [28, 32]. Appro-
priate amounts of DPPD and either BHN or AMVN were
incubated in acetonitrile at 37° under air in the absence or
presence of antioxidant, and the formation of DPBQ was
followed spectrophotometrically at 440 nm. The reactivity
of the antioxidant toward alkoxyl and peroxyl radicals was
assessed from the extent of reduction of formation of DPBQ
by the test antioxidant.

Inhibition of Oxidation of Lipids by Carvedilol

The oxidations of methyl linoleate and soybean PC lipo-
somes were carried out at 37° in air. Methyl linoleate was
incubated in acetonitrile in the presence of AMVN and an
appropriate amount of antioxidant, and the formation of
methyl linoleate hydroperoxides was measured by HPLC
equipped with a reversed-phase LC-18 column (particle size
5 mm; 4.6 mm 3 25 cm; Supelco). Methanol: H2O (95:5,
v/v) was used as an eluent at a flow rate of 1.0 mL/min, and
the hydroperoxides were detected by UV absorption at 234
nm [33]. The multilamellar PC liposomal membranes were
prepared as reported previously [34]. PC, AMVN, and
antioxidants, when used, were incorporated into the mem-
branes simultaneously by dissolving them into the solvent
before preparation of the membranes. The PC hydroperox-
ides were analyzed by absorption at 234 nm by HPLC using
an LC-Si column (particle size 5 mm; 4.6 mm 3 25 cm;
Supelco), and methanol: 40 mM phosphate buffer (90:10
v/v) was used as an eluent at a flow rate of 1.0 mL/min.

The oxidation of methyl linoleate was performed in
aqueous dispersions at 37° in air. The methyl linoleate
micelles were prepared as reported previously [35] by using
SDS as a surfactant. Carvedilol was added as a methanol
solution at the time of preparation of micelles or at an
appropriate time during oxidation. The oxidation was

induced by adding BHN or AMVN to aqueous dispersion as
a methanol solution. AAPH, CuCl2, FeCl3, or methemo-
globin was added as an aqueous solution. Hydrogen perox-
ide, BOOH, or MeLOOH was added as a methanol solu-
tion. The rate of oxidation was followed by measuring
oxygen uptake with an oxygen monitor equipped with a
Clark-type oxygen electrode (YSI Model 5300).

Oxidation of LDL

The oxidation of LDL (0.1 mg protein/mL PBS) was
induced by either CuCl2 or MeO-AMVN. Carvedilol was
added as a methanol solution prior to the induction of the
oxidation. The oxidation was followed by measuring the
increase in conjugated diene formation with a spectropho-
tometer at 234 nm [36].

RESULTS
Reactivity of Carvedilol toward Radical

As mentioned above, some reports indicate radical-scav-
enging activity of carvedilol, whereas other reports deny it.
Hence, the reactivities of carvedilol toward radicals were
first measured. Galvinoxyl radical has often been used in
the estimation of reactivity of antioxidant toward radicals.
Potent radical-scavenging antioxidants having reactive hy-
drogens react rapidly with galvinoxyl. It was found that
while a-tocopherol and troglitazone very rapidly reduced
the absorption of galvinoxyl radical at 429 nm, carvedilol
did not reduce it at an appreciable rate (Fig. 1). The
capability of carvedilol to act as a hydrogen donor is even
smaller than that of probucol [33]. Secondly, the reactivi-
ties toward alkoxyl and peroxyl radicals were measured. The
actual rate of free radical flux was measured by using DPPD
as a radical scavenger. One molecule of DPPD scavenges
two radicals rapidly to give DPBQ [28, 32], which has a

FIG. 1. Reaction of carvedilol with galvinoxyl. Antioxidant (10
mM) and galvinoxyl (5 mM) in acetonitrile were reacted, and the
consumption of galvinoxyl was followed by its absorption at 429
nm. The data for a-tocopherol, troglitazone, and probucol are
also included for comparison.
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strong absorption at 440 nm. This absorption increased
with time due to the formation of DPBQ from DPPD via
the reaction with the radicals generated from BHN or
AMVN. In Fig. 2 is shown the increase in absorbance at
440 nm observed when DPPD and BHN or AMVN were
incubated at 37° in air. These radical initiators induced the
increase in the absorption at 440 nm linearly with time in
the absence of antioxidant, the absorbance became con-
stant when all the DPPD had been converted to DPBQ.
The plateau absorbance was directly proportional to the
initial DPPD concentration. The addition of a-tocopherol
to this mixture suppressed the formation of DPBQ, appar-
ently because a-tocopherol competed with DPPD in scav-
enging alkoxyl or peroxyl radicals. On the other hand,
carvedilol exerted little effect on the formation of DPBQ,
suggesting that carvedilol was not capable of competing with
DPPD in scavenging these radicals.

Antioxidant Action of Carvedilol against Lipid
Peroxidation in Solution and Liposomal Membranes

The antioxidant activity of carvedilol was assessed in the
oxidation of methyl linoleate induced by AMVN in aceto-
nitrile solution. The rate of spontaneous oxidation of
methyl linoleate in acetonitrile at 37° under air was quite
small (data not shown), but the addition of AMVN
induced the oxidation and the accumulation of methyl
linoleate hydroperoxide was observed at a constant rate
without any appreciable induction period (Fig. 3A). A
small amount of troglitazone suppressed the oxidation and
produced a clear induction period, after which oxidation
proceeded at a similar rate as oxidation without antioxidant.
Similar results have been observed for a-tocopherol. On the
other hand, the antioxidant activity of carvedilol was ex-
tremely small. Liposomal membranes are often used as a model
of biological membranes. The antioxidant action of carvedilol
was studied in the oxidations of soybean PC liposomal mem-

branes. Antioxidant and AMVN were incorporated into
multilamellar liposomal membranes simultaneously. The re-
sults summarized in Fig. 3B show that a-tocopherol efficiently
suppressed the oxidation of PC membranes and produced a
clear induction period. The rates of oxidation after the
induction period were the same as that in the absence of
antioxidant. Carvedilol acted as a weak antioxidant and
reduced the rate of oxidation at the high concentration.

Antioxidant Activity of Carvedilol in Oxidation of
Methyl Linoleate Micelles

The antioxidant action of carvedilol against the oxidations
of methyl linoleate micelles in aqueous dispersions, which
were induced by several initiating species, was studied. The
extent of oxidation was followed by measuring oxygen
consumption. It was found that carvedilol did not inhibit
the oxidation induced by alkoxyl radical (data not shown)
and even enhanced that induced by peroxyl radical (Fig. 4).
It was found that an equimolar amount of carvedilol
completely inhibited the oxidation of micelles induced by
ferric chloride. The complete inhibition of ferric ion-
induced oxidation by carvedilol was observed under the
condition in which the ratio of carvedilol to ferric ion was
higher than 1 (Fig. 5A). Addition of an excess amount of
either MeLOOH or BOOH did not resume the oxidation
(Fig. 5B).

The antioxidant activity of carvedilol was assessed in the
oxidation of micelles induced by methemoglobin. Al-
though methemoglobin contains ferric ion in the molecule,
carvedilol did not inhibit methemoglobin-induced oxida-
tion of micelles, but rather enhanced it significantly (Fig.
6). The enhancement of the reaction of methemoglobin-
induced oxidation by carvedilol in micelles was confirmed
by following a change in the spectrum of methemoglobin in
the absence and presence of carvedilol. Methemoglobin
exhibited absorption at 400 nm in methyl linoleate micelle

FIG. 2. Reactivity of carvedilol toward alkoxyl radical and peroxyl radical. DPPD (100 mM) was incubated with either (A) BHN (20
mM) or (B) AMVN (40 mM) at 37° in the absence (no antioxidant [IH]) and presence of antioxidant in acetonitrile, and the formation
of DPBQ was followed at 440 nm. While a radical-scavenging antioxidant such as a-tocopherol (100 mM) suppressed the formation
of DPBQ, carvedilol showed little effect.
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dispersion, with the absorbance decreasing with time (Fig.
7A). Carvedilol showed no absorption at about 400 nm and
enhanced the change in the absorbance of methemoglobin
(Fig. 7B).

Inhibition of Oxidation of LDL by Carvedilol

The antioxidant activity of carvedilol in the oxidation of
LDL is of great interest. The oxidation of human LDL was
carried out by using either cupric ion or a lipophilic radical
initiator, MeO-AMVN, and the extent of the oxidation
was measured by following the increase in absorbance at

234 nm. As expected, carvedilol did not show an inhibitory
effect on the peroxyl radical-induced oxidation of LDL
(data not shown). It was also shown that carvedilol did not
reduce the rate of formation of conjugated diene in the
copper-induced oxidation of LDL to an appreciable degree
(Fig. 8).

DISCUSSION

The antioxidant exerts its function by different mecha-
nisms such as radical scavenging, peroxide reduction, and
metal ion sequestration [37]. Peroxyl radical is one of the

FIG. 3. Effect of carvedilol on lipid peroxidation in solution and membranes induced by peroxyl radical. (A) Methyl linoleate (453 mM)
was oxidized in acetonitrile in the presence of AMVN (0.20 mM) without antioxidant (E), with 20 (‚) or 200 mM (h) carvedilol,
or with 5 mM troglitazone (F) at 37° in air, and MeLOOHs were measured as described in Materials and Methods. (B) Soybean PC
(5.15 mM) multilamellar liposomal membranes containing AMVN (0.50 mM) without antioxidant (E), with 20 (‚) or 200 mM (h)
carvedilol, or with 2 mM a-tocopherol (Œ) were incubated at 37° in air, and the formation of PC hydroperoxides (PCOOH) was
followed by HPLC as described in Materials and Methods.

FIG. 4. Effect of carvedilol on peroxyl radical-induced oxidation of methyl linoleate micelles. Oxidation of methyl linoleate micelles (75
mM/0.5 M SDS in H2O) was induced by either (A) a hydrophilic radical initiator, AAPH (2 mM), or (B) a lipophilic radical initiator,
AMVN (2 mM), at 37°. The oxidation was followed by oxygen consumption, and carvedilol (100 mM) was added as a methanol
solution at the point indicated in the figure.
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most important radicals to act as a chain-carrying species in
lipid peroxidation. Antioxidants such as a-tocopherol and
ubiquinol, which scavenge peroxyl radical very rapidly, act
as chain-breaking antioxidants. We first investigated the
reactivity of carvedilol toward radicals. It was shown clearly
in Figs. 1 and 2 that carvedilol does not act as a potent
radical scavenger. A carbazole group of carvedilol has been
attributed to its antioxidant properties. It has previously
been shown [38, 39] that carbazoles with a free hydroxyl
group suppress oxidation effectively but those without do
not. Since the carbazole group of carvedilol does not have
a free hydroxyl group, poor activity of carvedilol as a radical
scavenger seems reasonable. On the other hand, Yue et al.
[18] reported that carvedilol acted as a radical-scavenging
antioxidant, which is not consistent with our results.
However, they used iron as an initiating species, and their

results can also be explained by sequestration of iron by
carvedilol.

Secondly, the hydroperoxide-reducing activity of carve-
dilol was studied. The oxidation of methyl linoleate mi-
celles induced by ferric ion is dependent on MeLOOH,
which is contained in the micelles [35, 40]. It was previ-
ously shown that ebselen, which mimics glutathione per-
oxidase, completely inhibited metal-induced lipid peroxi-
dation by reducing seeding hydroperoxide [40–43]. If
carvedilol inhibits ferric ion-induced oxidation of micelles
by reducing hydroperoxide, the addition of an excess
amount of hydroperoxide should resume oxidation. Since,
as shown in Fig. 5B, the addition of a high concentration of
MeLOOH and BOOH showed no effect, the reducing
activity of hydroperoxide by carvedilol is ruled out. Indeed,
we confirmed that cholesteryl ester hydroperoxide was not

FIG. 5. Inhibition of ferric ion-induced oxidation of methyl linoleate micelles by carvedilol. (A) Oxidation of methyl linoleate micelles
(75 mM/0.5 M SDS in H2O) was induced by 50 mM FeCl3 and inhibited by equimolar carvedilol. (B) Oxidation of methyl linoleate
micelles (75 mM/0.5 M SDS in H2O) was induced by 100 mM FeCl3 and inhibited by equimolar carvedilol. The oxidation was not
restarted by the addition of MeLOOH (100 mM) or BOOH (300 mM).

FIG. 6. Effect of carvedilol on oxidation of methyl linoleate micelles induced by methemoglobin. (A) Oxidation of methyl linoleate
micelles (15 mM/0.5 M SDS in H2O) was induced by 1 mM methemoglobin (mtHb). The addition of carvedilol (100 mM) after onset
of the oxidation showed no effect. (B) When methyl linoleate micelles (15 mM/0.5 M SDS in H2O) containing 100 mM carvedilol were
oxidized by 1 mM mtHb, the rate of oxidation was greater than that without carvedilol.
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reduced by carvedilol. On the other hand, carvedilol
inhibited the ferric ion-induced oxidation of micelles in a
concentration-dependent manner. The equimolar carve-
dilol to ferric ion showed a complete inhibitory effect. The
addition of an excess amount of ferric ion to the oxidation
system in which carvedilol stopped oxidation restarted this
oxidation. These results are in agreement with those of
Tadolini and Franconi [25], who showed that carvedilol
could make a complex with ferric ion in a 1:1 ratio in
methanol/H2O solution. The present study showed that
carvedilol, a lipophilic compound which is located in the
lipid phase, could react with ferric ion added to the aqueous
phase. The rate of oxidation of micelles induced by a
certain concentration of ferric ion was the same as that
induced by the same concentration of ferric ion which
remained after sequestration by carvedilol in a 1:1 ratio
(data not shown).

We investigated the action of carvedilol against lipid

peroxidation induced by methemoglobin, which may be
important in vivo. Although methemoglobin contains ferric
ion, contrary to our expectations, carvedilol did not inhibit
the methemoglobin-induced oxidation of methyl linoleate
micelles but even enhanced it. The reason for this is not
clear at present. Further investigation of the several differ-
ent oxidation systems is required.

Finally, we studied the antioxidant potency of carvedilol
against LDL oxidation induced by either a radical initiator
or copper ion. As observed in other oxidation systems,
carvedilol did not inhibit the peroxyl radical-induced
oxidation of LDL. The antioxidant effect of carvedilol on
the copper-induced oxidation of LDL has been studied both
in vivo and in vitro [12, 13]. In the present study, it was
shown that carvedilol did not suppress the oxidation of
LDL induced by copper to an appreciable degree. We also
confirmed that carvedilol did not inhibit the copper-
induced oxidation of methyl linoleate micelles (data not
shown). These results are not in agreement with those of
Yue et al. [12], who observed antioxidant activity of
carvedilol against LDL oxidation induced by macrophage
and copper. It is known that metal is required for oxidation
by macrophage, and it may be possible that carvedilol
suppressed LDL oxidation induced by macrophage by se-
questering iron. The effect of carvedilol on copper-induced
LDL oxidation was reported to be less significant than that
for macrophage-induced oxidation [12]. Furthermore, the
thiobarbituric acid assay used in their work is affected by
metal ion and chelating agents. It was reported that
treatment with carvedilol in vivo increased the lag time in
copper-induced LDL oxidation [13]. Considering the con-
centration of carvedilol in plasma of patients treated with
carvedilol [44], it is difficult to explain the antioxidant
effect in LDL particle by carvedilol alone, but its metabo-
lite, having a hydroxyl group on the phenyl ring, might act
as an antioxidant against LDL oxidation [45].

It may be concluded that carvedilol does not act as a

FIG. 7. Enhancement by carvedilol of the change in spectrum of methemoglobin in the oxidation of micelles. Methemoglobin (1 mM)
was incubated with methyl linoleate micelles (15 mM/0.5 M SDS in H2O) in the absence (A) and presence of 100 mM carvedilol (B)
at 37°. The spectrum was measured every 3 min.

FIG. 8. Effect of carvedilol on oxidation of LDL induced by
copper. LDL (0.1 mg protein/mL PBS) was oxidized by 2 mM
CuCl2 in the absence (E) or presence of 5 (F) and 10 mM (Œ)
carvedilol at 37° in air. The oxidation was followed by measur-
ing the increase in absorbance at 234 nm.
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radical-scavenging antioxidant and does not reduce hy-
droperoxides, but that it does act as an antioxidant against
iron-induced lipid peroxidation by sequestering ferric ion.
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